The thermally activated vortex bundle flow over the directional-dependent energy barrier in type-II superconductors is investigated. The coherent oscillation frequency and the mean direction of the random collective pinning force of the vortex bundles are evaluated by applying the random walk theorem. The flow velocity of the vortex bundles is obtained self-consistently. The temperature-and field-dependent Hall and longitudinal resistivities induced by the bundle flow for type-II superconducting bulk materials and thin films are calculated. All the results are in agreement with the experiments. PACS: 74.25. Fy, 74.25.Qt, 
INTRODUCTION
In type-II superconductor , when the applied magnetic field 1 
C B B >
, the flux lines penetrate the superconducting sample to form a long-range order of vortex lattice or flux line lattice if the sample is homogeneous [1] . However, the quenched disorder always destroys the long-range order of the vortex lattice for quenched disordered type-II superconductors, after which only short-range order, the vortex bundle, remains [3, [6] [7] [8] [9] [10] [11] . The vortex lines inside the vortex bundle oscillate about their equilibrium positions due to thermally agitation for finite temperature [7, 8] .
In this paper we are going to develop a self-consistent theorem of thermally activated vortex bundles flow over the directional-dependent potential barriers. The coherent frequency of oscillation of the vortex bundle, and the mean direction of the random collective pinning forces of the vortex bundles are evaluated by applying the theorem of random walk. The directional-dependent potential barrier generated by the Magnus force and the random collective pinning force and strong pinning force are calculated. The bundle flow velocity is then obtained self-consistently. Finally, the Hall and longitudinal resistivities induced by the bundle flow are calculated.
The rest of this paper is organized as follows. In section 2, a mathematical model is presented. In section 3, the coherent frequency of oscillation of the vortex bundles and the mean direction of the random collective pinning forces of the vortex bundles are calculated. The directional-dependent energy barrier is obtained in section 4. In section 5, the bundle flow velocity is evaluated, the Hall and longitudinal resistivities are calculated. Finally, the concluding remarks are given in section 6.
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MATHEMATICAL DESCRIPTION OF THE MODEL
Let us consider a type-II conventional or high-c T superconductor, the Hamiltonian of the fluctuation for the flux line lattice (FLL) in the direction z is given by [9, 11, 12] .
represents the Hamiltonian for the free modes [9, 11, 12] , with kin H the kinetic energy part [9, 11, 12] 
e H the elastic energy part [9, 11, 13] ,
and R H represents the random Hamiltonian, given as [9, 11, 12] the random potential energy of the collective pinning [15, 16] , which is the sum of the contributions of defects within a distance of the vortex core position r , where is the temperature-dependent coherent length. The correlation functions of the random collective pinning force are assumed to be the short-range correlation [9] 
Then the solution of Eq. (6) can be obtained as
where
operator of the FLL due to the collective pinning of the random function
, and
is the displacement operator for the fluctuation of the free modes. They are given by
respectively, where 1 = μ presents the component parallel to the K direction, while 2 = μ is perpendicular to the K direction. It is understood that the free Hamiltonian can be diagonalized with the eigenmodes spectrum [9, 11, 12] . 
are the creation and the annihilation operators for the corresponding eigenmodes.
The quenched disorder destroys the long-range order of the FLL, after which only short-range order, the vortex bundle, prevails. The corresponding size of vortex bundle | | R is determined by the relation [11, 12] .
where f r represents the random collective pinning force range.
COHERENT OSCILLATION FREQUENCY AND MEAN DIRECTION OF COLLECTIVE PINNING FORCE FOR VORTEX BUNDLES
Let us consider a p-type superconductor, with the applied magnetic field B in the z-axis and the external current density J in the x-axis 
where v r is the displacement of vortex line from its equilibrium position, E denotes the electric field of the thermal radiation, The time-dependent part of the particular solution oscillates with frequency about a new equilibrium position, which is determined by the time-independent part of the particular solution. By identifying the oscillation energy of the vortex line inside the potential barrier with the thermal energy, the thermal oscillation frequency of the individual vortex inside the potential barrier can be expressed as
where A stands for the random-and thermal-averaged amplitude of the oscillation of the vortex line in the bundle, B k is the Boltzmann constant.
However, the oscillations of vortex lines inside the vortex bundle are not coherent, namely, their oscillations are at random. To obtain the coherent oscillation frequency c of the vortex bundle as a whole, by utilizing the random walk's theorem, the frequency in equation (13) 
where R is the transverse size of the vortex bundle and B is the value of the applied magnetic field.
The time-independent part of the particular solution is give by
The above result indicates that the vortex line moves to a new equilibrium position p r from its original one. Since the elastic force is much less than the Lorentz force, the angle between the random collective pinning force and the positive y-direction measured in the counterclockwise sense can be obtained approximately as
f are the magnitudes of elastic force and Lorentz force of the vortex line, respectively. Taking into account the fact that the compression modulus 11 C is much larger than shear modulus 66 C [9, 10] , we arrive at, the
of the vortex line as well as its corresponding elastic force
The temperature-and field-dependent can therefore be written as
where is a proportional constant. By applying the random walk theorem, the mean angle ) , ( B T between the random collective pinning force of vortex bundle and positive ydirection measures in counterclockwise sense, can be expressed as
where 0 / = R .
DIRECTIONAL-DEPENDENT ENERGY BARRIER
In this section we shall calculate the directionaldependent energy barrier of the vortex bundles generated by the Magnus force, random collective pinning force, and the strong pinning force inside the vortex bundle. The directional-dependent potential barrier means that the energy barrier is a function of direction of the thermally activated motion. Assuming that the external current is in the xdirection and the applied magnetic field in the z-direction, the Magnus force acting on the vortex bundle can then be obtained as 
After some algebra, the directional-dependent energy barrier of the vortex bundles both in the positive and negative x-direction as well as y-direction are obtained as ) (
respectively, where U is the potential barrier generated by the strong pinning force due to the randomly distributed strong pinning sites inside the vortex bundle, R represents the transverse size of the vortex bundle, the range of U is assumed to be of the order R , and R p F > < stands for the random average of the random collective pinning force per unit volume.
BUNDLE FLOW VELOCITY AND ITS INDUCED LONGITUDINAL AND HALL RESISTIVITIES
The results of equation (21) indicate that the directionaldependent potential barrier used for calculating the vortex bundles flow velocity actually itself contains the vortex bundles flow velocity. Therefore, the velocity of thermally activated vortex bundles flow over the directional-dependent energy barrier must be solved self-consistently as follows 
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where is the mean angle between the random collective pinning force of the vortex bundles and positive y -direction measured in the counterclockwise sense. By considering the identities
with Eq. (18) and bearing in mind that is usually very small, the longitudinal and Hall resistivities induced by the vortex bundles flow can now be obtained, respectively, as follows: In fact, the arguments in the exponential functions inside the curly bracket of Eqs. (26) and (27) are very small when the Lorentz force is close to the random collective pinning force, we finally obtain the temperature-and field-dependent longitudinal and Hall resistivities as
respectively, with B J v xx by
In the following subsections, we shall calculate the longitudinal and Hall resistivities induced by thermally activated vortex bundles flow for type-II superconducting bulk materials and thin films as functions of temperature and applied magnetic field. The results are then comparing with experiments.
Induced Longitudinal and Hall Resistivities for Type-II Superconducting Bulk Materials
Now let us concentrate on the case for type-II superconducting bulk materials, the volume V for the vortex bundle in Eqs. (29) and (30) 
5.1.a. Longitudinal and Hall Resistivities for Constant Temperature
Under the framework of present theory, the results of numerical calculations for xx and xy , when the temperature is kept at K T 91 = , are given in Table 1 . It is shown that as the applied magnetic field decreasing, xy initially decreases, crossing over from positive to negative near 3.03 Tesla, after reaching a minimum at 1 Tesla, then increases again; while xx decreases monotonically. These results are in agreement with the experimental plotting for xy and xx versus applied magnetic field on 7 
5.1.b. Longitudinal and Hall Resistivities for Constant Magnetic Field
Within the framework of present theory, the numerical calculations of the Hall and longitudinal resistivities when the applied magnetic field is kept at a constant value 24 . 2 = B Tesla are given in Table 2 . It is shown that as [17] . In arriving at the above results, the following approximate data have been used: m R 
Induced Longitudinal and Hall Resistivities for Type-II Superconducting Films
Now let us turn our attention to type-II superconducting films, the volume V of the vortex bundle is therefore 
respectively, with B J v xx by / | | = .
5.2.a. Longitudinal and Hall Resistivities for Constant Temperature
Under the framework of the present theory, the numerical calculations of xy and xx as functions of applied magnetic field in Tesla, when temperature is kept at a constant value 
CONCLUSION
The theory of the thermally activated vortex bundles flow over the directional-dependent potential barrier induced by the Magnus force, random collective pinning random force, and strong pinning force inside the vortex bundles for type-II superconductors is developed. The coherent oscillation frequency and the mean direction of the random collective pinning force of the vortex bundle are evaluated. The bundle flow velocity is obtained. Finally, the longitudinal and Hall resistivities induced by the bundle flow are calculated for type-II superconducting bulk materials as well as thin films. The results are in agreement with the experiments.
